Anhydrous titanium(III) chloride was found to be a simple and efficient Lewis acid catalyst for ring opening of epoxides at ambient temperature. The reaction proceeded smoothly with anilines as well as azide ion as nucleophiles to give the corresponding β-amino alcohols and β-azido alcohols in moderate to good yields. O OH NHAr MeCN, rt ArNH 2 , TiCl 3 (10 mol%)
Epoxides are versatile intermediates due to their ease of formation and serve as preeminent building blocks in organic synthesis. The nucleophilic opening of epoxides has been extensively studied since it provides a convenient route to the formation of C-C, C-N, C-O, C-S, or C-P bonds. There are several reports for the opening of epoxides with amines, thiols, and phosphines but aromatic amines have received less attention perhaps because of their high affinity to Lewis acids. Therefore, it was of interest to develop an efficient protocol for ring opening of epoxides with anilines.
The β-aminoalcohol moiety remains a part of many important natural products viz. sphingosines [1] , hepalosin [2] etc. which show important biological activities. They are also useful as chiral auxiliaries in the synthesis of chiral natural products [3] . One of the ways to generate β-aminoalcohol moieties is through the ring opening of epoxides with nitrogeneous nucleophiles such as i) amines and ii) azides followed by reduction. The classical synthesis of this moiety consists of heating an epoxide with an excess of amine at elevated temperatures [4] and therefore, thermolabile functional groups are affected. Subsequently, a variety of catalysts including metal triflates [5], metal halides [6], ionic liquids [7] , and clay [8] have been introduced for the opening of epoxides at ambient temperature. However, there are still some limitations as deactivated amines fail to open epoxides or require higher temperature. In continuation of our work on the use of TiCl 3 [9] , we found that it is an efficient Lewis acid for the opening of epoxides at ambient temperature. To evaluate the scope and limitation of the protocol, the reactions were carried out with styrene oxide and substituted anilines having electron withdrawing and electron releasing substituents in the aromatic ring (4 and 6). In both the cases reactions proceeded in good yield to the corresponding regioselective amino alcohols 5 and 7 repectively as the sole products (entries 2 and 3). In contrast, opening of benzyl glycidyl ether (8) with aniline yielded the aminoalcohol 9 while 4-bromoaniline (4) yielded both regioisomeric aminoalcohols 10 and 11 (entries 4 and 5) with a preference for the product of attack at the less hindered site. Therefore, we suggest that the attack of the nucleophile is governed both by the nature of the epoxide and the stability of the intermediate carbonium ion. In styrene oxide, the positive charge on oxygen appears to be localized on the benzylic carbon leading to the major or sole product. Ring opening of aliphatic epoxide 12 with 6 afforded the product 13 with opposite regioselectivity; possibly steric factors predominate over electronic factors (entry 6). As expected, both cyclohexene oxide (14) cyclopenteneoxide (17) underwent facile opening with aniline and substituted anilines to yield the corresponding β-amino alcohols 15, 16 and 18 respectively with trans stereochemistry (entries 7-9).
Ring opening of epoxides in presence of titanium(III) chloride The trans-stereochemistry of the β-amino alcohols (15, 16 and 18) was determined from the coupling constants of the C-H protons α to the heteroatom in the 1 H NMR spectra. As an example, the trans stereochemistry of 2-(phenylamino)cyclohexanol (15) was assigned from the coupling constants of the peaks at δ 3.13 (ddd, J = 10.0, 9.4, 4.0 Hz, CH-NHAr) and δ 3.34 (ddd, J = 10.6, 9.2, 4.0 Hz, CH-OH). Facile ring opening of epoxides with azide anion as a nucleophile was also observed when 2-azido-2-phenyl-1-ethanol (19) was obtained from the reaction of 1 and sodium azide in good yield (entry 10).
In conclusion, TiCl 3 was found to be a novel and efficient catalyst for the opening of epoxides with aromatic amines and azide ions leading to the synthesis of β-aminoalcohols and β-azidoalcohols respectively. The reactions were carried out under mild conditions with regioselectivity. The present protocol will be useful in the synthesis of natural products having 1,2-aminoalcohol moieties.
Experimental
Melting points were determined using a Fisher-Johns melting point apparatus and are uncorrected. IR spectra were scanned with a Jasco FT/IR 4100 spectrophotometer. The 1 H NMR spectra were recorded with a Bruker AC 200 (200 MHz) spectrometer. Mass spectra were recorded with a Shimadzu mass spectrometer. Microanalysis was performed with Carlo Erba elemental analyzer (model 1110). TiCl 3 was purchased from Aldrich Chemical Co. and used without further purification. Acetonitrile was dried and distilled over P 2 O 5 . All reactions were carried out under an argon atmosphere..
General procedure for TiCl 3 -catalyzed ring opening of epoxides with aromatic amines:
To a solution of epoxide (2.0 mmol) and aniline (2.05 mmol) in dry acetonitrile (10 mL), anhydrous TiCl 3 (0.2 mmol, 10 mol%) was added and the mixture was stirred at room temperature for the time specified in Table 1 .
The violet color of TiCl 3 disappeared very fast. After completion of the reaction, as indicated by tlc, the reaction mixture was concentrated, quenched with 10 % aqueous K 2 CO 3 solution and diethyl ether (10 mL) and the suspension was passed through a bed of Celite. The Celite bed was thoroughly washed with diethyl ether (10 mL). The organic layer was washed with brine and dried (Na 2 SO 4 ). Removal of solvent followed by column chromatography (silica gel; hexane/ethyl acetate = 9/1) afforded the β-amino alcohols. All the compounds were characterized by their physical and spectral data. The spectroscopic and analytical data for the unknown compounds are provided as supplementary data Supplementary data: Physical and spectral data for 2-(4-bromophenylamino)-2-phenyl-1-ethanol (5), 1-anilino-3-benzyloxy-propan-2-ol (9), 1-(4-bromophenylamino)-3-benzyloxy-propan-2-ol (10), 2-(4bromophenylamino)-3-benzyloxy-propan-1-ol (11), 1-(4-methoxyphenylamino)-decan-2-ol (13) and 2-azido-2-phenyl-1-ethanol (19).
